In this paper, the magneto hydrodynamic (MHD) squeezing flow of a non-Newtonian, namely, Casson, fluid between parallel plates is studied. The suitable one of similarity transformation conversion laws is proposed to obtain the governing MHD flow nonlinear ordinary differential equation. The resulting equation has been solved by a novel algorithm. Comparisons between the results of the novel algorithm technique and other analytical techniques and one numerical Range-Kutta fourth-order algorithm are provided. The results are found to be in excellent agreement. Also, a novel convergence proof of the proposed algorithm based on properties of convergent series is introduced. Flow behavior under the changing involved physical parameters such as squeeze number, Casson fluid parameter, and magnetic number is discussed and explained in detail with help of tables and graphs.
Introduction
Squeezing flow between parallel walls occurs in many industrial and biological systems. The unsteady squeezing flow of a viscous fluid between parallel plates in motion normal to their own surfaces is a great interest in hydrodynamical machines. The pioneer work and the basic formulation of squeezing flows under lubrication were assumed by Stefan [1] . In past researches over few decades, Reynolds [2] analyzed the squeezing flow between elliptic plates while Archibald [3] suggested the same problem for rectangular plates. The Reynolds equation was studied for squeezing flows which were not sufficient for some cases as was demonstrated by Jackson [4] and Usha and Sridharan [5] . The study on the motion of electrically conducting fluid in the presence of a magnetic field is called magneto hydrodynamics (MHD). In engineering, the application of MHD can be seen in the electromagnetic pump. The pumping motion of this device is caused by the Lorentz force. This force is produced when mutually perpendicular magnetic fields, and electric currents are applied in the direction perpendicular to the axis of a pipe containing conducting fluid [6] . The laws of conservations under the similarity transformation for the squeezing flow of an electrically conducting Casson fluid, which was suggested by Wang [7] , have been used to extract a highly nonlinear ordinary differential equation governing the magneto hydrodynamic (MHD). Many researchers have conducted numerous research attempts for the purpose of understanding and analyzing squeezing flows [8] [9] [10] [11] [12] [13] [14] . Duwairi et al. [15] investigated the effects of squeezing on heat transfer of a viscous fluid between parallel plates. MohyudDin et al. [16] have studied heat and mass transfer analysis for the flow of a nanofluid between rotating parallel plates while Mohyud-Din and Khan [17] analyzed the nonlinear radiation effects on squeezing flow of a Casson fluid between parallel disks. Ahmed et al. [18] assumed MHD flow of an incompressible fluid through porous medium between dilating and squeezing permeable plates. Khan et al. [19] have explained MHD squeezing flow between two finite plates, and Hayat et al. [20] have demonstrated the effect of squeezing flow of second grade fluid between two parallel disks. Naveed et al. [21] studied effects on magnetic field in squeezing flow of a Casson fluid between parallel plates. The main scope of this paper is to implement novel algorithm to obtain 2 Journal of Applied Mathematics analytical-approximate solution which depends mainly on the coefficients of powers series. This is close to the numerical solution for the squeezing flow of a Casson fluid between parallel plates; although the resulting series of the novel algorithm which contains initial conditions are known, the others are unknown and their values can be found through the boundary conditions that are defined. These series also contain physical parameters which can be compensated by constants, and the geometrical effects of these parameters would be investigated depending on the resulting solutions. In this work, it can be clearly seen that a novel algorithm is successfully applied to solve the equations of an unsteady squeeze of flow between parallel plates as well as to find an analytical-approximate solution. In contrast, it was found that our results from algorithm completely agree with the results obtained from the numerical solution through the application of Range-Kutta fourth-order method , the numerical solutions of Wang [7] , and variation of parameter method (VPM) [21] . The organization of this paper is as follows: The governing equations are derived in Section 2. Details of derivation of the novel algorithm have been written as steps in Section 3. The performance of the novel algorithm for the squeezing flow is applied in Section 4. In Section 5 the convergence analysis is presented. Results and discussions are given in Section 6. Finally, the conclusions are indicated in Section 7.
Governing Equations
We consider an incompressible flow of a Casson fluid between two parallel plates separated by a distance y = ± (1 − ) 1/2 = ±ℎ( ), where is the initial gap between the plates (at a time = 0). Additionally > 0 corresponds to a squeezing motion of both plates until they touch each other at = 1/ , for < 0; the plates bear a receding motion and dilate as described in Figure 1 .
Rheological equation for Casson fluid is defined [22] as
where = and is the ( , ) ℎ component of the deformation rate, is the product of the component of deformation rate with itself, is the critical value of the said product, is the plastic dynamic viscosity of the nonNewtonian fluid, and is the yield stress of slurry fluid. We are also applying the following assumptions on the flow model:
(i) The effects of induced magnetic and electric field produced due to the flow of electrically conducting fluid are negligible.
(ii) No external electric field is present.
Under aforementioned constraints the conservation equations for the flow are
where and V are the velocity components in and directions, respectively, is the pressure, / is the dynamic viscosity of the fluid (ratio of Kinematic viscosity and density), = √2 / is the Casson fluid parameter, and is the magnitude of imposed magnetic field. Supporting conditions for the problem are as follows:
and we can simplify the above system of equations by eliminating the pressure term equations (3)-(4) and using (2) . After cross differentiation and introducing vorticity
we get
Transform introduced by Wang [7] for a two dimensional flow is stated as 
Substituting (8)- (10) in (7) and using (6) yield a nonlinear ordinary differential equation describing the Casson fluid flow as 
and squeezing number describes the movement of the plates ( > 0 corresponds to the plates moving apart, while < 0 corresponds to collapsing movement of the plates). It is pertinent to mention here that for = 0 and → ∞ our study reduces to the one obtained by Wang [7] . Skin friction coefficient is defined as
where
The Basic Steps of the Novel Algorithm
This section describes how to obtain a novel algorithm to calculate the coefficients of the power series solution resulting from solving nonlinear ordinary differential equations resulting from using transforms ( (8)- (10)) to find analyticalapproximate solution. These coefficients are important bases to construct the solution formula; therefore they can be computed recursively by differentiation ways. To illustrate the computation of these coefficients and derivation of the novel algorithm, we summarized the detailed new outlook in the following steps.
Step . Consider the nonlinear differential equation as follows:
and integrating (16) 
Step . Assume that
rewriting (19) [
and substituting (20) in (17), we obtain
Step . We focus on computing the derivatives of with respect to which is the crucial part of the proposed method. Let us start calculating
. . . ,
.
( ) . ( ) . ( )
We see that the calculations become more complicated in the second and third derivatives because of the numerous calculations. Consequently, the systematic structure on calculation is extremely important. Fortunately, due to the assumption that the operator and the solution are analytic functions, the mixed derivatives are equivalent.
We note that the derivatives function to is unknown, so we suggest the following hypothesis
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Therefore (23)- (26) are evaluated by
Step . Substituting (28)- (31) in (21) we will get the required analytical-approximate solution for (16).
Application
The novel algorithm described in the previous section can be used as a powerful solver to the nonlinear differential equations of squeezing flow between two parallel plates (11) - (12) in order to find a new analytical-approximate solution.
From
Step 1 we have
and we rewrite (32) as follows
From the boundary conditions, (33) becomes
and from Step 2 we have
Step 3 yields
( ) . ( ) . ( ) + 4. . ( ) . ( ) .
( ) + 3. 
We note that the derivatives of with respect to that are given in (27) can be computed by (37)- (40) as
( 1 ) + 4.
Now, we need to extract the first derivatives of G as follows: 
and from (36) by using (41)- (45), we obtain 
Step 4 substituting (46)- (49) in (21), we get the analytical-approximate solution:
( ) = (50)
Convergence Analysis
Here, we study the analysis of convergence for the analyticalapproximate solution (50) resulting from the application of power series novel algorithm for solving the problem of the squeezing flow between two parallel plates.
Definition . Suppose that is Banach space, is the real number, and [ ] is a nonlinear operator defined by [ ] :
→ . Then the sequence of the solutions generated by a new approach can be written as ( ) generated by novel approach converge if the following condition is satisfied
Proof. From the above definition, we have
] ,
since G[F] satisfies Lipschitz condition. Let = + 1; then
and hence,
From (56) we get
Using triangle inequality
as → ∞, we have ‖ − ‖ → 0, and then is a Cauchy sequence in Banach space .
Theorem 3. e solution ( ) = ∑ ∞ =0 ( ) converges. is analytic solution will be close to the solution of problem ( )-( ) when the following property is achieved
Proof. For ∈ , define an operator for to by
and let 1 , 2 ∈ ; we have
so, the mapping is contraction, and by the Banach fixedpoint theorem for contraction, there is a unique solution of problem (11)- (12). Now we prove that that the series solution ( ) satisfies problem (11)- (12),
In practice, Theorems 2 and 3 suggest computing the value of as described in the following definition. Definition . For = 1, 2, 3, . . .
and, now, we will apply Definition 4 on the squeezing flow between two parallel plates to find convergence; then we obtain, for example, the following:
if we put = −1, = 1, 2 = 1.511619152, 4 = −3.143837395, = 0.2, the value of will be 
Results and Discussions
In this section the influences of the squeeze number , Casson fluid parameter , and the magnetic number on the axial ( ) and radial ( ) velocities have been represented. Table 1 shows a comparison between the present results obtained from a novel algorithm and the numerical results introduced by Wang [7] , while Table 2 shows a comparison between the collected results with variation of parameter method (VPM) [21] . It was noted that the solution of the present algorithm is in agreement with these methods. The convergence of the of values (0) and (0) is indicated in Table 3 . Table 4 illustrates the numerical values of skin friction coefficient which can be observed from an increase of all the parameters leading to an increase of a magnitude of the skin friction coefficient. Subsequently, there is also a comparison with variation parameter method (VPM) so that the results appear relatively convergent. A comparison between the analyticalapproximate solution and the numerical solution for the axial and radial velocities was shown in Tables 5 and 6 . These tables clearly demonstrated that the solution has approximate manner. In Figures 2-7 there are two cases with regard to the squeeze number ; three figures show the case when the plates are moving apart > 0. In the other case there are three figures when dilating plates < 0. These cases explain the effects of physical parameters and studying the path of the curves ( ) and ( ) between parallel plates. The results of these cases can be summarized in the following points:
(i) ℎ > 0: Figure 2 shows the effects of increasing values of squeeze number on the axial velocity and average of radial velocity. This Figure also indicates that an increase of leads to a decrease of ( ). In addition, the curves of ( ) are started from the top plate towards the bottom plate according to the increase in for 0 < < 1, while for ( ) the same case occurred until ≤ 0.5, and the reverse situation of its curves happened for 0.5 < ≤ 1. The magnetic number and Casson fluid parameter on ( ) and ( ) were described in Figures 3 and  4 respectively. It can be observed that increasing and leads to decrease of ( ) for the positive value of squeeze number . Moreover the increase of and on ( ) for the positive value of squeeze number proves the similar behavior in case of the increase in .
(ii) ℎ < 0: Figure 5 illustrates the effects of the negative values for the squeezing number showing that the decrease of values causes increasing in axial velocity. This figure demonstrates that the curves of ( ) which starts from the bottom plate towards the top plate tend to decrease for 0 < < 1, while for ( ), it was found that the same case happened when ≤ 0.4, and the reverse situation of their curves happened for 0.4 < ≤ 1. Figure 6 indicates an effect of magnetic number for axial and radial velocity. This effect is similar to the effect of in the positive value of squeeze number 12 Journal of Applied Mathematics on ( ) and ( ) but the point of intersection of the curves ( ) is = 0.4. Figure 7 demonstrates the effects of Casson fluid parameter for axial and radial velocity; it was also noted from this figure that the increasing of causes increasing of ( ). Subsequently, the movement of the curves of ( ) occurs from the bottom plate across the top plate due to an increase of for 0 < < 1, whereas the same situation of ( ) occurs when ≤ 0.4, and the reverse case of their curves occurs when 0.4 < ≤ 1.
From the above two cases, it can be seen that the curves of ( ) and ( ) are different in distance between them, where in > 0 it is wide; then < 0. However they have the same behavior. Moreover, the bifurcation of ( ) in > 0 happened when = 0.5 and for < 0 happened when = 0.4. Generally, it seems that the curve of ( ) is increasing with increasing of for all values of , , and while the curve of ( ) is decreasing with increasing of for all above values. As for the effects of different physical parameters (the squeezing number , Casson fluid parameter , the magnetic number ) and the values , on the velocity components ( , , ), V( , , ) and the vorticity ( , , ), the following can be concluded: (i) In the case that the physical parameters and the values , are constants (when there is a change in the squeezing number), the surfaces are almost identical except for the surface V( , , ). This case shows a slight change which is a little curvature as indicated in Figures 8 and 9 . However, there is a change in the surfaces, when < 0 and ≥ 11 with a change in the surface of ( , , ), while the surfaces of ( , , ) and V( , , ) remain similar. and V( , , ) with noticing that the surface V( , , ) slightly changes when = 1 in Figure 18 .
Physically, magneto field parameter is increased; this leads to stronger Lorentz force along the vertical direction which offers more resistance to the flow. The velocity profiles exponentially decay to zero at shorter distances when either or is increased. This indicates that increase in either or leads to thinner boundary layer. Casson fluid between parallel plates is a non-Newtonian fluid and its parameter corresponds to viscosity in Newtonian fluid. Thus the increasing of leads to increase of viscous force and decrease of the velocity of fluid. The squeezing number includes the flow which results from a movement of the two parallel plates with a fluid apart. The geometric explanation can be summarized as the magnetic field is applied to electrical conducting fluid which accompanies an increase of leading to increase of the velocity of the fluid. This helps to generate a magnetic normal force to the direction of the magnetic field. Current geometry in this case comprises the magnetic field which is applied in a perpendicular direction to generate a force in -direction. This force can reduce the movement of the fluid; therefore, the magnetic field is used to control or reduce the movement of the fluid.
Conclusions
In this paper, a novel algorithm for analytic technique based on the coefficients of power series resulting from integrating nonlinear differential equations with appropriate conditions is proposed, and it is employed to obtain a new analytical-approximate solution for unsteady two-dimensional nonlinear squeezing flow between two parallel plates successfully. It has been found that the construction of the novel algorithm possessed good convergent series and the convergence of the results is shown explicitly. Graphs and tables are presented to investigate the influence of physical parameters on the velocity. Convergence analysis is carried out to back up the validity of the novel algorithm and check its computational efficiency. Analysis of the converge confirms that the novel algorithm is an efficient technique as compared to other methods presented in this work. As can be seen from the comparison, the computational results of the present solution and the results of other solutions are identical with 5 or 6 decimal places. It is noted that a magnetic field is a control phenomenon in many flows and it could be employed to normalize the flow behavior. Moreover, a squeeze number plays an important role in these types of problems as increasing the squeeze number leads to increase in the velocity profile. The graphs which have a strong magnetic field were used to enhance the flow when the plates came together. In addition, the squeeze number increased the velocity profile when the plates become closer and going apart.
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